Abstract
period of 6 months in 25 patients (age 59.0±14.5 years, range 28-86, 14 women and 11 men) with a mean time on dialysis of 10±9 years (range 2 months to 21 years), after obtaining informed consent. Patients with a previous history of stroke or cardiovascular surgery within 6 months before recordings or a mechanical prosthetic heart valve were excluded. Echo-Doppler examinations of fistulae, transthoracic echocardiography, and ECG were performed. Haemodynamic fistula disturbances and embolic cardiovascular disease were ruled out. The mean fistula blood flow was 540±150 ml/min (range 250-750 ml/min).
Doppler studies Pulsed Doppler (Multidop X 4 DWL, Sipplinghen, Germany) with one 2-MHz ultrasound probe was used for monitoring. This probe was applied over the subclavian vein and secured with adhesive tape in order to record the blood flow downstream from the arteriovenous fistula. Three separate recordings were made at different times during one session for each patient: the first over 1 min before the dialysis session (period A), the second during the Fig. 1 
Results
tion coefficient of 40 ml/h/mmHg). The haemodialysis procedures were identical in all patients, including preparation set-up, rinsing procedure, discontinuation of the procedure, In vivo studies blood flow (300 ml/min), and blood temperature (37°C ). Low-molecular-weight heparin (Dalteparin sodium, Baseline characteristics Fifteen patients (60%) were dia-5000 IU ) was administered into the venous line after the lysed with low-permeability dialysers, 10 (40%) with membrane 5 min before initiation of the treatment session. high-permeability dialyser. Nineteen (76%) patients At the end of the session, the arterial blood line was were dialysed using an AK 100 Gambro@ generator, air detector in any case. As shown in Table 1 used to assess the effect of the dialysis session on the number and intensity of MES. Two-way ANOVA with repeated for F6, NS). However, at the end of dialysis (period C ) the number of MES was greater in patients with F60 number of MES increased with the increase in blood flow with a significantly higher count for 400 and membranes (21.6±4.7) than with F6 membranes (13.5±1.8). The number and intensity of MES was 450 ml/min than with lower blood flows (P<0.01) ( Table 3) . not influenced by the type of generator or by the baseline fistula blood flow.
Discussion

In vitro studies
No MES were detected on the arterial line before the This is the first study to our knowledge to focus on the both detection and quantification of MES using blood pump during in vitro studies (Figure 3 ). In contrast, MES were recorded at all three sites after the Doppler methods during haemodialysis sessions. The in vivo studies demonstrated the absence of MES before blood pump. The number of MES was similar for each of the three sites: 19±6 MES at site B (after the blood the dialysis session and the presence of MES in the drainage vein from the arteriovenous fistula during the pump), 13±4.2 at site C (after the dialyser), and 16.5±5.5 at site D (after the air trap) ( Table 2 ). The sessions in all patients. The air trap was unable to as for synthetic particles, this study did not allow differentiation between the two possible particles. The passage of particles with higher intensity when using Table 3 . Number of MES/min (mean±SD) recorded at site (C ) with high permeability membranes might be related to the the changes in flow during in vitro experiments facilitated passage of larger particles across these membranes.
Dialysis
Dialyser Flow (ml/min)
Although this study was not designed to investigate generators the final destination of such MES, the normal destina- can, however, speculate on their possible role in lung 4008 E F6 4±3 11±4 6±3 13 ±8 32±14 72±31 F60 4±3 3±2 4±3 12±7 22±12 83±33 vascular permeability observed in chronic haemodialysed patients [21, 22] . Indeed, animal experiments have demonstrated that chronic gaseous microbubble injection into the veins can induce arterial structural and prevent the migration of these microemboli, which were not detected by the alarm system. The absence functional pulmonary changes, mainly chronic arterial pulmonary hypertension [23, 24] . Similarly, many subof detected Doppler signals before the beginning of the haemodialysis session suggested that the origin of jects have undiagnosed right-to-left shunt, allowing particles to migrate into the systemic circulation. The these MES is related to the haemodialysis machine or blood lines. This was confirmed by in vitro studies implication of such migration into the brain circulation in neuropsychological impairment observed in haemowhich indicated that MES only occurred after the blood pump.
dialysed patients among other well-known factors remains speculative. The exact nature of these MES remains unclear. The intensity and location of signals were inconsistent with artefacts that could easily be eliminated from Doppler recordings. It has previously been reported that the Conclusion intensity of MES is related to the nature and the size of microemboli [4, 11] . Among the different types of
The results of the present study prove the capability microemboli, the intensity of gaseous embolism and
of Doppler methods to demonstrate that microemboli synthetic particles (usually greater than 10 dB) are occur during dialysis. These microemboli can migrate higher than microthrombi or calcified materials (usuinto the drainage vein from an arteriovenous fistula, ally less than 9 dB) [4, 11] . Haemorheological and/or despite the presence of an air trap. Our results suggest haematological perturbations such as complement or that the roller pump might induce the formation of coagulation activation, influenced by the type of the the detected particles. Further studies including differdialyser, have been demonstrated during haemodialysis ent dialysis membranes and machines are required to sessions [12] [13] [14] . These abnormalities could induce the confirm these preliminary results. According to previformation of thrombi or platelet aggregates [12] [13] [14] ous studies of extracorporeal circulation, the pathothat could migrate into the arteriovenous fistula, but genic implications could be numerous, in particular the intensity of the MES detected in the present study for pulmonary and cerebral areas, and must be investiis inconsistent with this hypothesis. The intensity of gated further. MES related to synthetic particles is similar to that of microbubbles [2, 4] . Some studies [15] [16] [17] [18] [19] number and the size of these particles that aggregate [415] [416] [417] [418] [419] [420] [421] [422] [423] causing a decrease in the particle counts.
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Haemodynamic turbulence due to the roller pump could induce the formation of air microbubbles by
